EX  BIBLIOTHECA 


CAR,  I.  TAB  ORI  S. 


I 


THE 


PALiEONTOGRAPHICAL  SOCIETY. 

4 


[NSTITUTED  MnCCCXLVIL 


VOLUME  FOE  1868. 


LONDON: 


MDCCCLXIX. 


Med 

K7264 

A MONOGRAPH 


OF  THE 


BRITISH  FOSSIL  CRUSTACEA, 

BELONGING  TO  THE 

Order  MEROSTOMATA. 


PART  II. 

[ PTERTGOTUS  BILOBUS,  Salter.] 


Pages  45 — 70. ; Plates  X — XV. 


HENRY  WOODWARD,  F.G.S.,  F.Z.S., 

OF  THE  BEITISH  MUSEUM. 


LONDON : 

PRINTED  FOR  THE  PAL^ONTOGRAPHICAL  SOCIETY. 

1869. 


! iimm 

welMOmoc 

Wo. 

ou 

FEINTED  B'i 


>'^1 


J.  E.  ADLABD,  BAETHOLOMEW  CLOSE. 


A MONOGRAPH 


OF  THE 

BRITISH  FOSSIL  CRUSTACEA 


OF  THE 

Oeder  merostomata. 


PART  II. 


INTEODIJCTION. 


GEOLOGY  OF  LESMAHAGO,  LANARKSHIRE. 

As  this  and  the  succeeding  part  of  the  Monograph  will  be  mainly  occupied  with 
the  description  of  species  of  Pterycjoti  obtained  from  one  locality,  namely,  the  parish 
of  Lesmahago,  in  Lanarkshire,  I have  thought  it  not  out  of  place  here  to  prefix  a short 
description  of  the  district  by  Sir  Roderick  I.  Murchison,  Bart.,  who,  with  Prof.  Ramsay, 
visited  Lesmahago  in  1855,  accompanied  by  Mr.  Robert  Slimon,  for  the  purpose  of 
studying  the  geology  of  this  locality. 

This  account,  although  written  some  years  since,  is  in  the  main  confirmed  by  an  examina- 
tion subsequently  made  by  Mr.  A.  Geikie,  P.R.S.  (now  Director  of  the  Geological  Survey 
of  Scotland),  who,  in  an  admirable  paper^  (published  in  the  ‘ Quart.  Journ.  Geol.  Soc., 
Lond.,’  1860,  vol.  xvi,  p.  312),  traces  out  the  connection  of  these  extreme  northern  Silu- 
rian deposits  with  those  of  the  Pentland  Hills  in  Edinburghshire.^  (See  also  ‘ Siluria,’ 
4th  edition,  1867,  pp.  159—162.) 

1 think  this  description  the  more  necessary  inasmuch  as  the  name  of  the  district  has 
now  become  so  familiar  to  all  collectors  of  palaeozoic  fossils,  by  reason  of  the  vast  number 
of  specimens  (chiefly  of  Crustacea)  obtained  by  Mr.  Robert  Slimon  and  his  sons,  and  now 
distributed  through  the  museums  and  private  collections,  not  only  of  this  country, 
but  also  of  Europe  and  America. 

^ One  of  Mr.  Geikie’s  sections  illustrates  this  Introduction.  See  page  51. 

2 The  officers  of  the  Geological  Survey  and  subsequently  Mr.  G.  C.  Haswell,  of  Edinburgh,  have 
discovered  remains  of  Pterygotus  and  Slimonia  in  the  Upper  Silurian  rocks  of  the  Pentland  Hills. 
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On  the  Discovery,  by  Mr.  Robert  Slimon,  of  Fossils  in  the  uppermost  Silurian 
Rocks,  near  Lesmahago,  in  Scotland,  with  Observations  on  the  Relations 
OP  THE  PaL.®OZOIC  StRATA  IN  THAT  PART  OF  LANARKSHIRE.  By  Sir  RODERICK 
Impey  Murchison,  d.c.l.,  f.r.s.,  v.p.g.s.,  and  Director-General  of  the  Geo- 
logical Survey. 

(Reprinted,  by  permission,  from  the  ‘Quarterly  Journal  of  the  Geological  Society  of  London  ’ for  1856, 

vol.  xii,  pp.  15 — 19.) 

‘^Introduction. — At  the  last  meeting  of  the  British  Association  [in  1855],  Mr.  Robert 
Slimon  brought  to  Glasgow  two  remarkable  collections  of  fossils  from  the  extensive 
parish  of  Lesmahago,  in  which  he  practises  as  a surgeon.  One  of  these  collections  was 
derived  from  the  bands  of  Carboniferous  Limestone,  which  there  alternate  with  Coal,  and 
are  characterised  by  a great  abundance  of  fine  specimens  of  Producti,  Encrinites,  Corals, 
and  other  remains  peculiar  to  deposits  of  that  age.  The  other  consisted  of  specimens  of 
Crustaceans  in  dark-coloured  schist  or  flag,  and  to  two  or  three  specimens  of  which 
my  attention,  as  President  of  the  Geological  Section,  was  fortunately  called  by  Mr.  David 
Page.  The  magnificent  collection  of  Mr.  R.  Slimon  had,  in  fact,  remained  almost 
unobserved,  in  a hall  which  few  geologists  visited. 

“ The  moment  I cast  my  eye  over  these  remarkable  Crustaceans,  which  much  resembled 
Pterygoti,  and  saw  the  matrix  in  which  they  were  imbedded,  it  occurred  to  me  that  they 
probably  pertained  to  the  Uppermost  Silurian  zone.  It  became,  therefore,  necessary  to 
visit  the  locality  in  question,  chiefly  for  the  purpose  of  ascertaining  the  physical  relations 
of  the  dark  schist  with  large  Crustaceans  to  the  Old  Red  Sandstone.  For,  as  I was  aware 
that  the  genus  Pteryyotus  had  been  found  as  low  in  the  Silurian  rocks  as  the  Upper 
Caradoc  band,  it  might  prove  that  there  was  the  same  great  hiatus  near  Lesmahago  as 
had  up  to  this  time  been  supposed  to  prevail  all  over  Scotland,  and  that  no  representative 
of  the  Uppermost  Silurian  existed.  On  the  other  hand,  the  band  in  question  might 
prove  to  be  that  which  I shall  endeavour  to  show  it  is,  viz.  the  true  representative  of  the 
highest  Silurian  zone,  as  developed  in  Herefordshire,  Shropshire,  and  Westmoreland  in 
England,  in  Russia  on  the  Continent  of  Europe,  and  also  in  North  America. 

“ Having  requested  Prof.  Ramsay  to  accompany  me,  we  visited  Lesmahago  to- 
gether, and  there  found,  to  our  gratification,  that  the  worthy  and  modest  Mr.  Slimon 
had  not  only  a much  richer  collection  of  the  fossils  in  question  than  he  brought  to 
Glasgow,  but  had  also  an  accurate  acquaintance  with  many  of  the  prominent  and  detailed 
features  of  the  tract.  Guided  by  him  to  the  best  natural  sections,  and  particularly  to 
the  spot  on  ‘ Logan  Water,’  hitherto  famous  only  in  Scottish  song,  where  he  had  found 
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the  Crustacean  fossils,  we  afterwards  endeavoured  to  obtain  a general  notion  of  the 
relations  of  all  the  rock-masses  of  the  district.’’  ***** 

“ General  Belations  of  the  BocJcs  of  the  Lesmahago  District. — In  a former  com- 
munication I invited  attention  to  the  general  direction  of  the  great  masses  of  the 
Silurian  rocks  of  the  South  of  Scotland,  which  have  been  described  by  various  authors 
under  that  name,  since  the  discovery  in  them  of  many  well-known  Silurian  fossils.i  I 
then  suggested  that,  judging  from  some  of  those  organic  remains,  as  found  in  the 
environs  of  Girvan,  there  were  indications,  in  that  parallel,  of  an  ascending  order 
from  the  Lower  Silurian  rocks  (which  unquestionably  form  the  great  mass  of  the  South- 
Scottish  Greywacke)  to  the  Upper  Silurians.  At  the  same  time  it  was  noticed  that 
the  strike  of  the  Girvan  strata  would  carry  them  nearly  to  the  Silurian  rocks  of  the 
Pentland  Hills,  south  of  Edinburgh,  which  have  the  same  general  direction,  i.  e.  nearly 
from  north-east  to  south-west.  Now,  if  a line  be  drawn  from  the  rocks  north  of  Girvan 
to  the  northern  face  of  the  Pentland  Hills,  it  is  seen  to  pass  over  an  intervening  tract, 
throughout  which  basins  of  Carboniferous  rocks,  surrounded  by  girdles  of  Old  Red 
Sandstone  and  diversified  by  a great  abundance  of  igneous  rocks  (porphyry,  greenstone, 
&c.),  are  represented  in  all  the  published  geological  maps.  The  discovery  made  by  Mr. 
Slimon  of  fossils  which  prove  to  be  of  Upper  Silurian  age,  over  a considerable  area  in  the 
extensive  parish  of  Lesmahago,(for  this  Scottish  parish  has  a length  of  twenty-five  miles), 
has  advanced,  therefore,  the  northern  frontier  of  the  Silurian  or  slaty  rocks  ; some  of  the 
localities  in  question  being  not  less  than  twenty  miles  to  the  north-west  of  their  previously 
defined  boundary.  The  extent  to  which  the  Lesmahago  Silurians  may  be  hereafter  shown 
to  be  connected  upon  the  surface  with  those  of  the  tracts  around  the  Lead  Hills,  and 
other  parts  of  Ayrshire  and  Dumfriesshire,  on  the  south  and  south-east,  must  be  a work 
of  future  labour.  That  work  will  demonstrate  whether  these  Lesmahaofo  rocks  constitute 

O 

an  advanced  Silurian  promontory  or  headland,  or  whether,  as  is  most  probable,  they  form 
an  outlier  of  that  age. 

“ The  large  parish  of  Lesmahago  is  pre-eminently  distinguished  in  its  western  part 
by  dome-shaped  hills,  which  rise  to  the  south-west  of  the  River  Clyde,  and  on  the  left  bank 
of  that  river,  where  it  forms  the  well-knoAvn  beautiful  Falls  of  Bonnington  and  Stone- 
byres,  near  the  town  of  Lanark.  The  rock  over  which  the  Clyde  cascades  is  the  Old 
Red  Sandstone,  which  formation,  extending  to  the  west  and  south-west  to  the  village  and 
parish  of  Lesmahago,  is  overlain  on  the  north  and  south  by  Carboniferous  Limestones 
and  Coal,  whilst  on  the  south-west  it  is  underlain  by  the  dark  and  schistose  rocks  to 
which  attention  is  now  specially  invited. 

“ Upper  Silurian  Bocks. — The  relations  of  these  dark  grey,  schistose  strata  of  clay-slate 


* ‘Quart.  Journ.  Geol.  Soc.,’  1851,  vol.  vii,  p.  137. 


48 


BRITISH  FOSSIL  CRUSTACEA. 


to  the  Old  Red  Sandstone  are  seen  on  the  banks  of  the  Nethan  River,  and  also  on  those 
of  other  tributaries  of  the  Clyde,  particularly  the  Logan  Water,  on  each  of  which  rivers 
Mr.  Slimon  has  marked  the  junction  between  the  grey  Silurian  and  the  Old  Red  rocks. 
The  Silurian  beds  rise  up  into  several  hills  of  considerable  altitude,  one  of  which  (Nut- 
berry,  1715  feet  above  the  sea)  we  ascended.  Judging  from  the  outline  of  the  country, 
and  the  extensive  range  of  similar  high  moorlands,  I am  disposed  to  think  that  these  rocks 
may  be  found  to  spread  north  and  westward  over  the  hills  of  Dunside  and  Middlefield, 
1300  to  1500  feet  high,  and  may  even  range  to  Cairn  Table  on  the  south,  the  summit  of 
which,  according  to  the  Trigonometrical  Surveyors,  is  1944  feet  above  the  sea.  Advancing 
eastwards  from  the  range  of  hills  on  the  flank  of  Nutberry,  in  one  part  of  which  Mr. 
Slimon  discovered  an  Orthoceratite,  and  descending  the  Logan  Water  to  about  a mile 
below  the  farmhouse  of  Dunside,  you  reach  the  uppermost  band  of  the  grey  strata  in 
which  were  discovered  those  remarkable  Crustaceans  which  have  been  above  referred  to. 

“ The  lowest  portions  of  the  Silurian  rocks  which  fell  under  the  inspection  of  Prof. 
Ramsay  and  myself  are  those  which  are  traversed  by  the  Nethan  River  as  it  flows  from 
Priest  Hill  and  Nutberry  Hill  to  Cumberland.  Several  dislocations  and  convolutions 
which  are  seen  on  that  line  among  Silurian  strata,  as  well  as  in  the  contiguous  Old  Red, 
are  well  explained  by  the  frequent  protrusion  of  porphyry  (usually  a red  quartziferous 
porphyry).  On  the  whole,  however,  it  was  manifest  to  both  Prof.  Ramsay  and  myself 
that  in  receding  from  the  Old  Red  boundary,  and  in  ascending  to  the  higher  hills  by  the 
course  of  the  Nethan,  we  made  a gathering,  descending  section,  because  the  strata,  suc- 
ceeding to  each  other  with  a prevalent  dip  to  the  north-east  or  east-north-east,  consisted 
successively  of  differently  constituted  materials.  Thus,  whilst  the  uppermost  strata  were 
dark  grey  and  schistose,  other  layers  of  lighter  colours  were  more  siliceous  and  formed 
stonebands.  These  are  followed  by  other  courses  of  shale  and  schists,  in  which  are 
nodular  concretions,  occasionally  calcareous,  in  which  we  looked  in  vain  to  find  a few 
fossils  which  could  have  led  us  to  suppose  them  (what  they  might  very  well  prove  to  be  from 
mineral  aspect)  the  representatives  of  the  Wenlock  formation.  It  is  from  one  of  these 
strata  that  Mr.  Slimon  procured  the  Orthoceratite  above  alluded  to,  but  which  is  too  im- 
perfect to  be  specifically  determined.  With  some  undulations  and  several  breaks,  parti- 
cularly in  the  proximity  of  the  intrusive  porphyry,  all  these  Silurian  strata  are  inclined 
towards  the  east-north-east  and  north-east,  and  at  angles  varying  from  12°  and  15°  to 
verticality  where  they  roll  over  in  flexures. 

“ The  inferior  beds  exposed  in  the  section  of  the  Nethan  are  here  and  there  mineralized, 
and  specially  so  where  trap-rocks,  chiefly  greenstone,  have  penetrated  the  strata,  veins  of 
lead-ore  and  much  sulphate  of  barytes  being  there  apparent  on  the  surface. 

*'  The  section,  however,  which  best  exhibits  the  relations  of  the  Silurian  rocks  to  the 
Old  Red  Sandstone  is  seen  on  the  banks  of  Logan  Water,  between  the  farms  of  Dunside 
and  Ach  Robert.  The  last  of  the  decidedly  dark  grey  and  schistose  beds  observable  in 
descending  from  the  flanks  of  the  Silurian  hills  (Nutberry,  &c.),  are  those  in  which  all  the 
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fossils  described  by  Mr.  Salter^  were  found  by  Mr.  Slimon.  These  dark  fossiliferous  rocks, 
the  clay-slate  of  mineralogists,  are  immediately  overlain  by  and  pass  up  into  Red  Sand- 
stone, in  which  there  are  several  alternations  of  more  or  less  greyish  or  greenish-grey 
bands,  the  whole,  like  the  beds  in  the  Nethan,  dipping  to  the  east-north-east  or  north- 
east. 


“ Old  Med  Sandstone. — In  the  traverse  along  the  Logan  Water  I did  not  observe  any 
unconformity  between  the  grey  beds  with  Crustaceans  and  other  fossils  and  the  overlying 
red  sandstones,  the  lowest  courses  of  which  are  marked  upon  Mr.  Slimon’s  unpublished 
map  as  ‘ Red  Silurians.’  For  my  own  part,  however,  I would  rather  consider  these  red 
strata  as  constituting  the  base  of  the  Old  Red  Sandstone,  because  they  graduate  up  into, 
and  alternate  with,  the  pebbly  conglomerates  which  are  largely  developed  near  Ach  Robert 
and  Waterside. 

“ Some  of  the  porphyries  which  are  associated  with  the  red  rock  in  this  part  of  the 
series  seemed  to  be  interstratified  and  of  age  contemporaneous  with  the  sandstones  with 
which  they  dip  symmetrically,  and  like  which  they  are  jointed  and  exhibit  the  way-boards 
of  sedimentary  deposits.  In  mineral  characters  and  in  their  interstratification  with  red 
sediments,  these  rocks,  though  of  much  older  date,  present  much  the  aspect  of  some  of 
the  porphyries  of  the  Rothe-todte-liegende  of  the  Permian  age  in  Germany. 

“ The  conglomerates  of  the  Old  Red  of  this  tract  differ  strikingly  from  those  of  the 
same  age  in  the  North  Highlands,  where  the  so-called  lower  conglomerate  is  usually  a very 
coarse  breccia,  the  huge  fragments  of  which  are  more  or  less  angular,  whilst  here  they 
are  all  worn  and  rounded  pebbles,  the  largest  of  which  scarcely  ever  reaches  a foot  in  its 
greatest  diameter. 

“ Most  of  the  pebbles  consist  of  grey  and  pink  quartz- rock,  but  these  are  mixed  with 
other  varieties  of  crystalline  and  some  igneous  rocks.  This  conglomerate  zone,  which  is 
fairly  interstratified  in  red  sandstone,  and  ranges  from  north  to  south  (as  laid  down  on 
Mr.  Slimon’s  map),  is  much  nearer  to  the  dark  grey  Silurian  on  the  Nethan  River  than  it 
is  to  the  same  rock  on  the  Logan  Water;  whilst  on  the  Kype  Water  the  two  rocks  are 
still  further  removed  from  each  other.  Time  and  detailed  examination  will  determine 
whether  this  deviation  of  outline  be  due  to  breaks  and  unconformable  arrangements,  or 
simply  to  ehanges  in  the  degree  of  inclination  of  the  strata.  By  comparing  the  only 
watercourses  which  we  examined,  I am  led  to  think  that  the  difference  of  the  angle  of 
dip  may  sufficiently  explain  these  diversities  of  superficial  area,  because  on  the  Logan 
Water  we  found  the  inclination  varying  from  7®  to  12°  only  on  an  average  ; the  red  beds 
with  imbedded  porphyries  and  conglomerates,  as  well  as  the  inferior  grey  beds,  sloping  off 
to  the  north-east  or  east-north-east  at  these  low  angles,  except  where  they  rolled  over  bosses 
of  porphyry.  On  the  Nethan  banks,  on  the  contrary,  the  beds  are  more  highly  inclined. 


1 ‘Quart.  Journ.  Geol.  Soc.,’  1856,  vol.  xii,  p.  26. 
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“ In  ascending  order  the  Old  Red  Sandstone,  including  all  that  portion  of  it  which  lies 
above  the  conglomerate,  and  extends  by  Lesmahago  to  the  Clyde  and  Lanark,  is  usually 
of  a lighter  colour  and  freer  quality  than  the  subjacent  beds,  and  oecupies  a very  varied 
outline  in  reference  to  the  Carboniferous  Limestone  and  Coal-fields  on  either  side  of  it, 
and  under  which  it  is  seen  to  dip.  On  the  banks  of  the  Nethan  Water,  where  we  ex- 
amined them,  thejunetions  are  much  broken,  and,  on  the  whole,  it  would  appear  that  the 
older  rocks  have  been  so  convoluted  as  to  form  the  southern  edge  of  the  great  central 
Scottish  Coal-field,  or  the  complete  girdle  of  the  Douglas  Coal-basin,  the  south-west  side 
of  which  is  flanked  by  the  Old  Red  of  the  Hawkshaw  Hills,  and  also,  according  to  Mr. 
Slimon,  by  the  Silurian  rock  of  Bremerside  Hill.”* 


The  following  short  aceount  of  the  relation  of  the  Fte?y^ofus~hea.rmg  shales  of  Les- 
mahago was  communicated  in  a letter  to  the  Author  by  Mr.  Slimon  in  1867  : 

“ Commencing  in  an  ascending  order  with  what  we  consider  to  be  the  lowest  Silurian 
beds  of  this  area,  we  And  them  to  be  of  great  thickness,  composed  of  coarse,  hard,  stony 
bands,  separated  by  thin  clayey  beds  of  shale.  The  Ceratiocaris  is  the  principal  fossil  in 
these  lowest  beds ; it  is  very  abundant,  but  of  small  size,  and  is  associated  with  some 
shells. 

“ Ceratiocaris  recurs  in  the  higher  beds,  but  the  speeimens  are  far  larger.  A fault, 
caused  by  the  intrusion  of  a dyke  of  hornblende-porphyry,  called  the  Nutberry  Hill  Dyke, 
occurs  here,  and  is  followed  by  a rock  containing  an  Orthoceras,  but  ill  preserved.  This 
bed  is  succeeded  by  Ceratiocaris-'&\\Ci.&%  splitting  up  into  slaty  laminae,  often  as  thin  as 
paper.  Here  the  Ceratiocaris  attains  its  maximum  development,  both  in  size  and  numbers, 
becoming  rarer  in  the  higher  beds,  and  disappearing  altogether  in  the  highest  Silurian. 
In  these  slaty  beds  Slimonia  acuminata  first  appears,  but  very  small  in  size ; as  it  increases 
in  development  in  the  higher  beds,  Eurypterus  lanceolatus  and  Pteryyotus  hilohus  (var.  a) 
make  their  appearance,  both  small  in  size  and  few  in  numbers  in  the  lower  beds,  but 
gradually  increasing  in  importance  in  the  higher ; var.  a,  inornatus,  being  replaced  by 
var.  y,  perornatus  (attaining  a length  of  from  2 to  3 feet).  E.  lanceolatus  in  the  lowest 
beds  is  not  an  inch  in  length,  but  in  the  highest  it  is  of  considerable  size. 

^'Eurypterus  scorpioides  and  Stylonurus  Loyani  first  appear  in  these  upper  slaty  beds 
(here  much  disturbed  by  intrusive  hornblende-porphyry).  They  are  more  rarely  met  with 
than  other  species,  but  appear  to  follow  the  same  law  as  regards  their  gradual  development 
and  decline.  I have  portions  from  higher  beds  attesting  their  continued  increase 
in  size  upwards. 

“ The  Upper  Silurian  beds  here  described  occur  along  the  Logan  Water  in  a distance 


* The  description  of  the  Lower  Carboniferous  and  Igneous  Rocks  of  the  tract  is  here  omitted. 
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(traversed  on  the  dip)  of  about  four  miles ; the  uppermost  bed  containing  Lingula  cornea, 
Plaigschisma  heUcites,  Beyrichia,  &c. 

''Bictyocaris  Slimoni  also  occurs  in  these  beds,  but  is  never  obtained  entire.  Fragments 
of  Trilobites  (?),  a few  small  shells,  and  some  supposed  vegetable  remains,  complete  the  list 
of  fossils. 

“ In  many  of  the  beds  seen  in  this  section  no  fossils  of  any  kind  are  found. 

“ These  grey  shaly  and  slaty  beds  dip  beneath  and  are  conformable  with  a series  of  red 
and  grey  shales  of  a more  sandy  nature  than  the  foregoing  (but  unfossiliferous), 
extending  for  a mile  and  half ; I have  called  them  “ Red  Silurian,”  but  Sir  Roderick 
Murchison  considers  they  should  form  the  base  of  the  Old  Red  Sandstone  series.  In  one 
bed  only  fragments  of  a Stylonurus  have  been  found,  and  one  small  specimen,  thought  to 
be  part  of  a Blimonia  acuminata,  but  the  evidence  is  too  fragmentary  to  rely  on.  All  the 
strata  are  very  much  disturbed,  owing  to  intrusions  of  felspar-  and  hornblende-porphyry, 
causing  many  of  the  beds  to  be  repeated  and  faulted.” 

It  is,  however,  to  these  very  disturbances  that  we  are,  no  doubt,  indebted  for  the 
exposure  of  the  Bterygotus-\>e,7iX\w^  shales  of  Logan  Water. 

The  subjoined  section  is  copied  from  one  which  accompanies  Mr.  Geikie’s  paper 
published  in  the  ‘Quarterly  Journal  of  the  Geological  Society,’  1860,  vol.  xvi,  pi.  xviii. 
Section  1,  and  exhibits  the  P^cryyote-bearing  shales  as  they  appear  in  the  anticlinal  of 
the  bed  of  the  Logan  Water,  and  the  succeeding  Lower  Old  Red  Sandstone  and  Carboni- 
ferous deposits. 


Nethan  River 

S.W.  Logan  Water.  Logan  Water.  Water.  Black  Hill.  Clyde.  N. 

! i f ! I 


Upper  Silurian.  Lower  Old  Red  Sandstone. 


Fig.  7. — Section  of  the  Upper  Silurian  and  other  strata  near  Lesmahago. 
a,  a.  Purplish-grey  Sandstones.  d,  b.  Red  shales,  Sandstone  bands,  and  Conglomerate.  c,  c.  Olive  shales. 
d,  d.  Hard  flaggy  shales  (Pterygo(us).  e.  Hard  shales  and  stone  bands.  ftftf-  Felstone. 

C,  C,  C.  Carboniferous  strata  (unconformable  to  Old  Red). 


Mr.  Archibald  Geikie,  F.R.S.,  the  Director  of  the  Geological  Survey  of  Scotland, 
has  most  obligingly  furnished  me  with  the  following  descriptive  section,  in  descending 
order,  of  the  deposits  of  the  Lesmahago  district,  taken  from  the  joint  observations  of  his 
colleague  Mr.  B.  N.  Peach  and  himself. 
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Section  of  Strata  below  the  base  of  the  Old  Red  Sandstone  in  the 

District  of  Lesmahagow, 
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/ a.  Coarse  conglomerate,  chiefly  of  well-rounded  fragments  of  liver-coloured  quartz-rock.  This  is 
a very  persistent  band  through  the  whole  district. 
h.  Red  mudstones  and  shales,  with  ripple-marks  and  sun-cracks.  CO  to  70  feet. 

c.  Grey  and  green  flaggy  shales,  with  hard  stone-partings,  like  portions  of  the  Silurian  series. 

140  feet. 

d.  Red  mudstones  and  shales,  like  those  (6)  below  the  quartzite  conglomerate.  500  feet. 

e.  Red  sandstones  and  fine  quartz-conglomerates.  300  feet. 


a 

•2 

is 
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f.  Sandy,  flaggy,  green  stone-bands  and  shales,  with  partings  of  grey  and  red  mudstone  passing 

conformably  upwards  into  e.  About  130  feet. 

g.  Blue,  grey,  and  green  shales,  sandy  mudstones  and  sandstone  bands,  becoming  more  sandy 

towards  the  top,  and  more  shaly  and  flaggy  towards  the  bottom.  200  feet.  These  are  the 
Trochus  beds  ; they  contain  Platyschisma  helicites,  three  species  of  Lingula,  Beyrichia,  and 
some  undetermined  shells. 

h.  Hard  blue  and  grey  flaggy  shales,  with  occasional  bands  of  calcareous  nodules.  350  feet. 

These  are  the  Pterygotas  beds. 

i.  Hard  grey  flagstones  and  bands  of  hard  greywacke.  About  500  feet.  , 

k.  Grey,  blue,  and  olive  shales,  becoming  more  and  more  interhedded  with  hard  stone-bands 

towards  the  base.  About  300  feet.  In  some  of  these  beds  Beyrichia  is  very  abundant ; 
others  contain  Ceratiocaris,  two  or  three  species  of  Lingula,  some  shells  not  yet  determined, 
Platyschisma  helicites,  &c. 

l.  Hard  bands  of  greywacke,  with  shale  partings.  These  form  the  lowest  portion  of  the  Silurian 

series  visible  in  this  district.  They  must  be  at  least  2000  feet  thick.  Fossils  are  scarce,  but 
an  Orthoceras  occurs  along  with  plant-like  markings  and  Ceratiocaris. 

The  total  thickness  of  Upper  Silurian  strata  in  the  neighbourhood  of  Lesmahago  cannot 
be  less  than  3500  feet,  and,  as  the  base  of  the  series  is  nowhere  seen,  the  depth  may  be  much 
more. 


Although  the  Pterygoti  occurring  in  the  dark  clay-slates  of  the  Upper  Silurian  of 
Logan  Water  and  the  Nethan  River  are  far  inferior  in  size  to  the  gigantic  Pt.  anglicus 
from  the  Lower  Old  Red  Sandstone  of  Forfarshire  and  Perthshire,  yet  for  wonderful  perfec- 
tion of  preservation  they  can  scarcely  be  rivalled,  and  certainly  not  surpassed,  by  similar 
remains  from  any  other  formation.  Since  the  preceding  description  of  Pi.  anglicus  was 
written,  however,  I have  had  the  good  fortune  to  visit  the  Museum  of  the  Natural  History 
Society  at  Montrose  (September,  1867),  and  inspect  the  magnificent  specimen  of  Pterygotus 
anglicus  there  preserved,  from  Lord  Panmure’s  Quarries  at  Carmyllie.  This  unique 
example  measures  about  3 feet‘6  inches  in  length,  13  inches  across  the  widest  segment, 
and  is  by  far  the  most  perfect  remain  of  this  species  yet  met  with,  having  the  head  united 
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to  the  complete  series  of  body-rings,  including  the  ‘ telson  ’ or  terminal  segment ; the 
body-rings  themselves  lifting  out  from  the  matrix  and  presenting  both  the  dorsal  and  the 
ventral  aspect.  The  thoracic  plate  is  also  seen  in  situ,  the  great  swimming-feet  (or 
ectognaths)  attached  to  the  head,  on  the  centre  of  which  last  are  seen  the  larval  eye-spots 
(ocelli),  and  the  great  compound  marginal  eyes,  with  their  facets  as  beautifully  preserved 
as  if  it  were  a living  Crustacean  and  not  a remnant  of  a Palaeozoic  age.  The  friable 
condition  of  the  fossil  alone  has  prevented  the  possibihty  of  obtaining  the  loan  of  it  for 
delineation,  but  I hope  to  be  able  before  the  completion  of  this  present  Monograph  to 
offer  to  the  Society  a fitting  representation  of  this  truly  wonderful  Pterygotus, 


8 
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Genus  1.— Pterygotus,  Agassiz. — Continued. 


Species  2.— PTERYGOTUS  BILOBUS  Salter.  1859. 


1.  var.  a,  inornatus. 

2.  var.  j3,  crassus. 


3.  var.  y,  perornatus. 

4.  var.  acidens. 


The  species  about  to  be  considered  was  first  described  by  Mr.  Salter,  under  the 
generic  name  Himantopterus,  in  the  ‘Quarterly  Journal  of  the  Geological  Society’  for  1855, 
vol.  xii,  pp.  27  and  28,  where  a figure  is  also  given  (reproduced  in  ‘ Siluria,’  last  edition, 
1867,  p.  162). 

Of  the  species  of  Himantopterus,  described  in  the  paper  above  alluded  to,  two  only  at 
present  call  for  consideration,  namely,  H.  hilohus  and  II.  perornatus.  Mr.  Salter  subse- 
quently referred  these  to  Pterygotus  (see  ‘Mem.  Geol.  Surv.,’  Monograph  1, 1859,  p.  39). 

At  the  time  of  the  publication  of  the  above  Monograph  comparatively  but  few  entire 
remains  of  Pterygotus  bilohus  had  been  obtained,  whilst  Pt.  perornatus  was  even  less 
perfectly  known  from  parts  of  specimens. 

It  is  probable  that  Mr.  Slimon  has  obtained  not  fewer  than  several  hundred  specimens, 
more  or  less  perfect,  of  Pt.  hilohus  alone,  since  the  commencement  of  his  labours  in  the 
shales  of  Lesmahago,  but  Pt.  perornatus  continues  an  extremely  rare  form. 

If  a comparison  be  instituted  between  the  figures  in  the  first  plate  of  the  Geo- 
logical Survey  Monograph  on  Pterygotus  (published  in  1859)  and  the  six  plates  which 
accompany  the  present  part  of  this  Monograph,  some  idea  may  be  formed  of  the  progress 
which  has  been  made  in  the  discovery  of  new  materials,  daring  the  past  nine  years,  for  the 
more  complete  elucidation  of  this  remarkable  genus.^ 

^ This  progress  will  be  still  further  illustrated  by  the  genera  Slimonia,  Eurypterus,  and  Stylonurus, 
the  descriptions  of  which  will  follow  the  present  part. 
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Var.  1. — I.  Pterygotus  BILOBUS,  var.  a,  inornatus.  PI.  X,  figs.  1 — 3. 

Himantoptekus  BILOBUS,  Salter.  Quart.  Jonrn.  Geol.  Soc.,  18.‘)6,  vol.  xii,  p.  29,  fig.  1. 

‘Siluria,’  2nd  edit.,  1859,  p.  155,  foss.  21. 

‘Page’s  Advanced  Text-book,’  1856,  p.  135,  fig.  1. 

Pterygotus  Salter.  Mem.  Geol.  Surv.,  Mon.  I,  1859,  p.  39,  pi.  i,  figs.  1—12. 

Pterygotus  hilohus^  (var.  «,  inornatus),  tlie  original  Pt.  bilobus  of  Mr.  Salter,  is 
usually  5 to  6 inches  in  length,  and  somewhat  less  than  2 inches  in  its  greatest 
breadth ; the  general  form  is  elongate-oval  in  front,  and  attenuated  behind  (resembling 
the  outline  of  a Palaoniscus). 

In  this  variety  the  thorax  is  not  easily  distinguished  from  the  abdomen,  into  which 
it  is  attenuated,  the  greatest  width  being  about  the  fourth  and  fifth  segment ; its  anterior 
segments  are  wide  transversely,  the  posterior  ones  becoming  less  and  less  so,  till  the 
twelfth  (i9)  is  nearly  equilateral;  the  telson  is  oblong  and  emarginate,  and  narrower 
than  any  of  the  somites ; the  antennae  are  long,  slender,  and  chelate  at  their  extremities ; 
the  palpi  (endognaths)  are  filiform  ; the  swimming-feet  moderately  broad.  These  are  the 
general  characters. 

Pigs.  I — 3,  PL  X,  represent  three  examples  of  this  species,  the  variation  observable 
being  due,  to  some  extent,  to  the  crumpling  up,  or  squeezing  out,  which  all  these  speci- 
mens have  undergone  since  their  original  entombment. 

***  Before  proceeding  further  it  is  necessary  to  explain  that  the  little  numbers  along 
the  margin  of  the  segments  of  each  figure  in  the  accompanying  Plates  correspond  with 
the  Roman  numerals  on  the  segments  of  the  restored  figures  of  Pterygotus  anglicus,  PI. 
VIII,  which  appeared  in  the  Pirst  Part  of  this  Monograph.  They  are  intended  to  remind 
the  student  that,  theoretically,  the  head  is  composed  of  the  first  seven  segments  of  the 
animal  coalesced  together  to  form  the  carapace,  and  that  thus  there  are  seven  cephalic, 
seven  thoracic,  and  five  or  six  abdominal  somites  or  segments  (according  to  whether  the 
‘telson’  be  reckoned  as  a segment  or  not ; see  Introduction,  p.  5). 

The  head-shield  is  about  to  I^  inch  in  breadth  by  an  inch  or  1|-  inch  in 
length ; the  anterior  contour  is  semicircular,  the  posterior  border  is  straight.  The  com- 
pound eyes  (o,  o)  are  placed  upon  the  latero-anterior  border.  They  are  broadly  crescen- 
tic and  convex,  placed  half  below  and  half  above  the  margin  of  the  head,  their  extreme  length 
being  about  7 lines. ^ No  lenses  can  be  seen  with  the  naked  eye  ; but,  when  magnified,  the 
appearance  is  that  given  in  the  annexed  woodcut.  They  appear  to  be  somewhat  larger,  in 

1 In  the  description  of  the  species  of  Pterygotus  we  shall  (wherever  it  is  possible)  continue  to  avail 
ourselves  of  Mr.  Salter’s  diagnoses,  merely  altering  such  parts  as  a more  complete  acquaintance  with  the 
details  of  their  structure  enables  us  to  do  so  with  advantage. 

^ A line  is  always  here  used  to  signify  inch. 
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proportion,  in  this  species  than  in  the  great  Pt.  anglicus  (Part  I,  PL  VIII).  The  larval 
eye-spots  (ocelli)  occupy  the  centre  of  the  head-shield  (see  PI.  X,  Pig.  3,  le). 


Fig.  8. 


Fig.  8 a. 


Fig.  8.  Cast  of  the  under  side  of  the  head  of  Pt.  bilohus,’^  with  the  basal  joints  of  the  ectognaths  (ee)  in  place  ; the  large 
eyes  (o,  o)  are  also  seen ; Fig.  8 a represents  a portion  of  one  of  the  eyes  greatly  magnified. 


The  Body-segments. — The  body,  in  well-preserved  individuals,  is  barrel-shaped  in  front, 
the  seven  anterior  or  thoracic  segments  (8 — 14),  taken  together,  measuring  about  1|  inch 
in  length  by  If  in  greatest  breadth.  The  thoracic  somites  in  one  specimen  (PL  X, 
fig.  3)  measure  inches  in  length,  but  the  length  of  the  segments  in  this  example  are 
certainly  above  the  average. 

The  anterior  segments  are  extremely  narrow  in  proportion  to  their  breadth,  being  about 
five  times  as  broad  as  they  are  long.  When  not  crushed  or  distorted  they  are  gently  arched 
forward  in  the  centre,  whilst  at  the  sides  the  anterior  angles  are  produced  forward  into 
blunt  lobes,  the  outer  margins  being  oblique,  and  their  posterior  angles  a little  produced 
backward,  particularly  in  the  seventh  thoracic  segment  (14).  This  general  form  of  the 
thoracic  segment  will  be  observed  in  all  the  species  of  Pterygoius  (see  Pis.  VIII,  X, 
XI,  XII,  and  XV). 

The  following  five  segments  (15 — ’19) — which  are  called  abdominal — present  a marked 
change  from  the  preceding,  becoming  gradually  narrower  and  longer  ; the  first  (1.5)  being 
three  or  (at  most)  four  times  as  wide  as  long ; the  fourth  (is)  hardly  twice  as  wide  as  long  ; 
the  fifth  (19),  or  penultimate,  is  nearly  equilateral,  being  only  a very  little  wider  than  long ; 
both  the  fourth  and  fifth  somites  are  a little  contracted  in  front,  and  have  their  lateral 
borders  slightly  curved  and  the  posterior  angles  produced;  the  fifth  somite  (19)  is  cari- 
nated  on  its  upper  side,  but  only  for  its  lower  two  thirds.  The  ‘ telson’  or  terminal  seg- 
ment (20)  is  11  lines  in  length  by  8 lines  in  breadth;  it  is  carinated  for  a short  distance 
at  its  upper  end,  whilst  at  its  lower  border  it  is  deeply  emarginated. 

'Idle  outer  margins  of  the  body-segments  and  telson  appear  to  be  quite  smooth,  not 
serrated  or  crenated,  as  in  several  other  species. 

We  are  unable  to  give  direct  evidence  of  the  thickness  of  the  body-segments,  as  we  did 
in  the  case  of  Pt.  anglicus  (see  Part  I,  pp.  41  and  42) ; but  there  is  little  doubt  that  it 
was  about  the  same  in  relative  proportion  to  its  bulk. 


1 Copied  from  pi.  i,  fig.  4,  of  ‘ Geol.  Surv.  Memoir,’  Mon.  I,  on  the  EurypteridcB. 
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At  first  sight  it  would  appear  that  the  body  of  Pt.  bilohus,  var.  a,  was  destitute  of  the 
characteristic  markings  discernible  upon  the  larger  examples  of  this  genus ; but  such  is 
really  not  the  case,  for  although  not  always  readily  seen,  they  can,  with  the  aid  of  a good 
pocket-lens,  usually  be  detected  upon  some  part  of  the  body- 
segments.  It  consists' in  this,  as  in  the  larger,  species  of  numerous 
small  semicircular  plicae  (the  curve  opening  forwards,  see  Woodcut), 
which  probably  covered  the  anterior  half  of  each  segment,  leaving 
the  posterior  destitute  of  ornament  (see  PI.  XIII,  fig.  I g). 

The  head  in  this  as  in  the  other  species  is  destitute  of 
sculpture  on  its  surface. 

We  must  now  proceed  to  the  examination  of  the  under  side  of  the  head  and  the 
appendages. 

Numerous  specimens  belonging  to  this  species  can  now  be  seen  and  studied,  both 
in  the  Museum  of  Practical  Geology,  Jermyn  Street,  and  in  the  British  Museum,  in 
which  many  of  the  appendages  still  remain  in  situ ; whilst  in  other  examples  they  are 
found  displaced,  but  preserved  upon  the  same  slab  Avith  the  entire  body ; from  which  it  is 
evident  they  have  become  detached  by  the  quiet  dissolution  of  the  softer  muscular  tissues 
of  the  animal. 

In  the  accompanyingWoodcut  (p.  58)  Ihave  delineated, of  the  natural  size,  the  oral  append- 
ages belonging  to  the  entire  specimen  oi Pterggotiis  bilohus,  var.  a,  drawn  upon  PI.  X,  fig.  3. 
These  (by  some  slight  movement  in  the  fine,  soft,  clayey  sediment  in  which  the  animal  was 
enveloped)  must  have  become  separated  from  the  rest  of  the  body  before  decomposition 
had  proceeded  very  far ; for,  although  fractured  and  imperfect  in  detail  (by  reason  of  the 
present  indurated  character  of  the  matrix),  they  still  clearly  prove  that  the  entire  buccal 
apparatus — held  together  by  its  integument — has  thus  been  preserved  to  us. 

The  separate  organs  are  represented  as  they  lie  upon  the  surface  of  the  same  slab  of 
shale  in  which  the  entire  body  (PI.  X,  fig.  3)  is  preserved.  Their  correct  order  and 
position  may  be  readily  understood  by  turning  to  Part  I,  PI.  VIII,  fig.  1,  where  I have 
given  a restored  figure  of  the  under  side  of  the  great  Ft.  anglicus,  with  its  oral  appendages 
in  place.  The  antenna  (Woodcut,  fig.  10,  i,  i ; PI.  X,  figs.  1,  2,  a,  a)  are  about  2^  inches 
in  length  by  j inch  in  breadth  at  the  base  of  the  chelae,  the  moveable  ramus  being  about  8 
lines  long.  Both  the  fixed  and  the  moveable  rami  of  the  chelae  are  slender  ; the  former  is 
slightly  shorter  than  the  latter ; their  points  are  sharply  incurved ; the  inner  borders  are 
armed  with  minute  teeth,  which,  like  that  of  the  larger  species,  vary  in  size,  being  at 
intervals  marked  by  one  much  larger  than  the  rest. 

There  appear  to  be  five  joints  in  the  antennae  of  this  species,  but  it  is  seldom  that  their 
true  line  of  articulation  can  be  readily  distinguished.  Five  are  clearly  to  be  seen  in  one 
of  the  antennae  figured  in  the  accompanying  woodcut,  fig.  10, 


a 


Fig.  9.  Ornament 
on  the  segments 
of  Pt.  bilohus. 
a.  Anterior  bonier. 
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Fig.  10.  Detached  organs  from  the  head  of  Pterygotus  bilobus  (var.  a),  figured  in  PI.  X,  fig.  3. 

1,  1.  The  chelate  antenn®. 

2,  2.  The  basal  joints  of  the  1st  pair  of  endognaths. 

3,  3.  „ „ 2nd  „ „ 

4, 4.  „ „ 3rd  „ „ 

5,  5.  The  ectognaths,  or  ma.\illipeds. 

m.  The  raetastoma,  or  post-oral  plate. 

e,  e,  e.  Portions  of  the  filiform  appendages  of  the  endognaths. 

The  letters  to  the  joints  of  the  ectognath  correspond  with  the  articuli  as  enumerated  in  Part  I,  p.  6. 
(The  organs  are  here  represented  of  the  natural  size.) 


The  first  joint  is  3 lines  in  length  by  1 line  at  its  proximal  and  2 lines  at  its  distal 
end  in  breadth ; the  second  and  third  are  each  6 lines  in  length  and  2 lines  in  breadth ; 
the  fourth  is  6 lines  to  the  base  of  the  articulation  of  the  moveable  ramus,  the  rami  being 
7 lines  in  length  ; the  fifth  joint  is  the  moveable  ramus  already  described. 

The  antennae  appear  to  have  been  epistomial  organs  like  the  inner  antennae  of  Limulus 
(see  Part  I,  PI.  IX,  fig.  1,2 ) ; v^e  have  no  evidence  of  their  having  been  furnished  with 
a mandible  at  their  proximal  end,  as  is  the  case  with  the  succeeding  four  pairs  of  oral 
appendages,  the  endognaths  and  ectognaths.  We  shall,  therefore,  continue  to  consider 
their  point  of  attachment  to  be  anterior  to  the  mouth,  as  represented  in  Part  I,  PI.  VIII, 
fig.  1,  2. 

The  Endognaths  (which  may  be  considered  as  equivalent  to  the  mandibles  and  the  first 
and  second  maxillae  of  the  higher  Crustacea)  are  the  next  three  pairs  of  oral  appendages. 
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They  present  no  marked  variation  in  the  size  of  their  basal  joints,  although  the  length  of 
the  articuli  of  their  palpi,  no  doubt,  varies  according  to  their  anterior  or  posterior  position 
in  the  series.  The  subjoined  Woodcut  (fig.  11)  conveys  a correct  idea  of  the  general  form 


which  they  present.  It  is  drawn  from  a detached  specimen  preserved  in  the  British 
Museum. 

Two  other  and  more  perfect  detached  examples  (preserved  in  the  Museum  of  Practical 
Geology,  Jermyn  Street)  are  represented  in  PI.  XIV,  fig.  3. 

In  general  form  they  closely  agree  with  the  far  larger  endognaths  of  Ft.  anglicus  (see 
Part  I,  PI. VII,  figs.  5,  6,  7).  The  coxal  joint  (co)  has  a broad  tongue-shaped  lamina  (/),  for 
its  attachment  to  the  head,  and  is  furnished  along  its  inner  free  border  with  a row  of  about 
nine  or  ten  sharp,  curved  teeth  [g),  which  are  longest  in  front  and  have  the  appearance  of 
being  articulated  at  their  base  to  the  border  of  the  coxal  joint ; the  palpus  is  articulated 
to  the  mandible  on  its  upper  border  by  a short  joint  (6),  succeeded  by  two  nearly  linear 
joints  of  about  equal  length  {i  and  lyi) ; the  carpus  (c),  a very  small  articulation,  is  followed 
by  the  penultimate  joint  (p),  corresponding  nearly  in  length  with  the  third  and  fourth  arti- 
culi ; to  this  is  articulated  the  slender,  tapering  terminal  joint  (<7).  The  length  of  the  palpi 
varies  ; the  longer  of  the  two  figured  at  PI.  XIV,  fig.  3,  measures  I inch  7 lines  from  its 
articulation  with  the  coxal  joint  to  its  distal  extremity ; the  shorter  measures  I inch  4 lines, 
whilst  that  figured  in  our  Woodcut  (fig.  II)  is  I inch  9 lines  long  ; the  endognath  (e)  lying 
across  the  swimming-foot  of  the  entire  Pterggotus  in  PI.  X,  fig.  I,  measures  I inch,  8 
lines.  Two  endognaths — one  in  situ  on  the  left  side  of  the  head  (e),  and  the  other  lying 
across  the  three  anterior  thoracic  segments  on  the  right  side — are  seen  with  the 
Pterggotus  hilotus,  PI.  X,  fig.  2 ; whilst  the  basal  joints  of  all  three  pairs  of  endognaths, 
and  portions  of  their  palpi,  are  seen  associated  together  in  the  specimen  figured  in  our 
Woodcut,  fig.  10,  on  page  58. 

The  Ectognaths  in  all  the  species  of  this  order  represent  (so  far  as  we  are  acquainted 
with  their  appendages)  the  principal  organs  of  locomotion  and  manducation.^  They  may 
be  considered  to  be  homologous  with  the  first  pair  of  maxillipeds  in  the  higher  Crustacea, 
and  also  to  correspond  with  the  last  pair  of  appendages  in  Limulus  (PI.  IX,  fig.  I,  i).  In 

^ Stylonurus  is  the  only  genus  in  which  we  find  two  pairs  of  elongated  swimming  appendages.  See 
‘Geol.  Mag.,’  1864,  vol.  i,  pi.  x,  fig.  1,  p.  197  ; and  ‘Quart.  Journ.  Geol.  Soc.,’  1865,  vol.  xxi,  pi.  xiii, 
p.  482. 
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the  larval  Decapod  we  find  locomotion  effected  by  the  enlargement  of  two  pairs  of  the 
maxillipeds,  the  true  thoracic  limbs  being  undeveloped,  the  abdomen  being  also  des- 
titute of  appendages,  thus  affording  another  illustration  among  recent  Crustacea  of  this 
palseozoic  type  of  structure  (see  PL  IX,  fig.  7). 

The  ectognaths  in  Fterygotus  bilobus,  var.  a,  differ  but  little  in  general  form  from  those 
of  the  great  Pt.  anglicus  described  in  Part  I of  this  Monograph  ; they  can  be  seen  in  situ 
in  figs.  1 and  2,  PI.  X,  and  in  the  detailed  drawing  of  the  detached  appendages  of  fig.  3 
given  in  the  Woodcut  at  page  58  (fig.  10). 

The  following  is  an  enumeration  of  the  several  joints  of  this  appendage  : 

1.  Basal  joint  [coxa). — The  great  lower  lobe  is  wide  and  of  a spherico-triangular 
shape,  the  inner  margins,  as  well  as  the  outer  and  base,  being  all  convex.  The  neck  is 
suddenly  contracted  and  short,  and  the  serrated  terminal  lobe  transverse  or  oblong,  greatly 
oblique,  and  overlapping  (in  many  specimens)  the  opposite  edge. 

Its  toothed  margin  is  curved  and  set  with  about  thirteen  small  teeth. 

The  succeeding  joints  (which  together  make  up  the  swimming-foot)  are  articulated 
to  the  posterior  outer  angle  of  the  great  lower  lobe  of  the  coxal  joint. 

2.  Basos,  short  and  broad  linear. 

3.  Ischium,  narrow,  longest  on  the  inner  margin. 

4.  Meros,  longest  on  the  outer  margin ; lower  border  indented,  forming  an  articulation 
for  the — 

5.  Carpus,  somewhat  triangular  in  form,  having  its  outer  and  longest  border  convex, 
and  its  upper  edge  produced  so  as  to  form  a process  by  which  it  is  more  strongly  articu- 
lated with  the  fourth  joint. 

6.  Propodos. — With  the  exception  of  the  great  basal  joint,  this  is  the  largest  of  any, 
being  equal  in  length  to  the  four  preceding  articuli.  It  is  oblong,  but  contracted  slightly 
at  the  upper  end,  so  as  to  give  a curved  outline  to  its  outer  border ; the  upper  or  proximal 
end  is  doubly  curved  where  it  is  articulated  with  the  fifth  joint ; the  inner  lateral  margin 
is  nearly  straight ; the  distal  end  is  pretty  deeply  indented,  so  as  to  form  a rounded  notch 
for  the  reception  of  the  terminal  joint. 

Between  this  joint  and  the  terminal  one  there  is  what  Prof.  Hall  has  called  ^ an  inter- 
calated triangular  plate  (see  Woodcut,  p.  58,  fig.  10,  5,  i),  united  to  the  border  of  the 
penultimate  joint,  and  overlapping  the  oval  terminal  palette  (see  ante.  Part  I,  p.  35). 

Badylos. — A regularly  ovate  palette,  as  broad  as  the  penultimate  joint,  and  nearly  as 
long ; it  fits  into  the  bilobed  extremity  of  the  sixth  joint,  and  is  held  fast  by  its  articu- 
lation with  it,  and  by  the  overlapping  of  the  intercalated  triangular  plate  (i)  already 
referred  to. 

This  ovate  palette  is  seen  to  be  indented  at  its  distal  end,  and  into  the  indentation 

1 See  ‘Nat.  Hist,  of  New  York,  Palaeontology,’  vol.  iii,  1859,  pp.  397  and  400,  on  EurypterUs,  pi.  80 
and  nine  following  plates. 
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is  inserted  a minute  plate  (u)  wliich  Prof.  Hall  calls  a ‘ terminal  palette this  cannot,  how- 
ever, be  considered  of  greater  importance  than  a spine  or  claw  affixed  to  the  distal 
extremity  of  the  joint,  like  that  seen  on  the  tip  of  the  modified  antennule  of  the  male 
Limulus  (see  PI.  IX,  fig.  1 a),  or  on  the  extremity  of  the  terminal  oval  palette  of  the 
swimming-foot  of  the  recent  Scylla  serrata. 

The  Metastoma,  or  Post-oral  Plate. — This  cordate  plate  is  found  with  all  the  species. 
Its  position  is  naturally  behind  the  oral  aperture,  enclosing,  with  its  anterior  bilobed 
portion,  the  inner  mandibular  borders  of  the  great  coxal  joints  of  the  ectognaths  (see 
PI.  VIII,  fig.  1 m ; and  PI.  X,  fig.  2 'tri).  It  also  remains  associated  with  the  detached  oral 
appendages  figured  in  our  Woodcut,  p.  58,  fig.  10  m.  Its  impression  can  be  faintly  seen 
through  the  head-shield  of  fig.  1 in  PI.  VIII.  Its  length  varies  from  9 to  1 1 lines,  and 
its  breadth  is  usually  about  5 to  6 lines.  The  anterior  portion  of  the  metastoma  some- 
times displays  upon  its  surface  the  characteristic  semicircular  plicae  seen  so  readily  in  all 
the  larger  forms  (PI.  Ill,  fig.  1 ; PI.  XIII,  fig.  \ e\  PI.  XV,  fig.  3).  This  plate  was,  no 
doubt,  attached  to  the  head  by  its  posterior  border,  which,  in  some  specimens,  is  seen  to 
be  distinctly  truncated  at  its  lower  end. 

The  Thoracic  Plate,  or  Operculum. — The  normal  position  of  this  plate  is  upon  the 
ventral  surface  of  the  body,  covering  the  under  surface  of  the  first  two  thoracic  somites  ; 
it  was  attached  along  its  anterior  border  to  the  posterior  margin  of  the  head ; the  rest 
of  the  plate  was,  no  doubt,  free,  as  in  the  recent  Limulus. 

I have  somewhat  fully  described  this  plate  in  Part  I,  p.  39,  and  I shall  have  occasion 
to  refer  to  it  again  when  treating  of  Pt.  perornatus,  &c.,  so  I will  now  only  briefly 
describe  its  form  in  Pt.  bilobus. 


Fig.  12.  Operculum  of  Pt.  lilobus,  var.  a.  (Two  forms  seen.) 
a,  a.  Line  of  attachment  to  head.  I,  1.  Lateral  al®.  c.  Central  appendage. 


It  consists  in  this,  as  in  all  the  other  forms,  of  a median  appendage  and  two  lateral 
ala>.  These  alse,  which  are  sculptured  upon  their  outer  and  under  side,  are  equal  in  length 
to  the  first  two  thoracic  segments,  and  in  breadth  correspond  exactly  with  the  segments 
which  they  overlie.  They  are  united  in  the  median  line  by  a narrow  central  lobe  {rounded 
at  its  distal  free  end  in  PI.  X,  fig.  1 c,  hni pointed  in  PI.  X,  fig.  2),  hastate  at  its  proximal 
end,  which  is  directed  forwards. 

I have  drawn  these  two  forms  of  plates  on  the  accompanying  Woodcut  (fig.  12),  in 
order  that  they  may  be  more  clearly  seen. 
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Probably  these  differences  in  form  may  be  of  sexual  value,  especially  as  the  same 
portion  of  this  plate  is  modified  in  the  male  and  female  of  Limulus  (see  PI.  IX,  figs.  I 
and  1 c).  I do  not  think  them  of  specific  importance. 

Some  excellent  figures  of  Pterygotus  bilohus  will  be  found  in  pl.  i,  ' Memoirs  of  the 
Geol.  Surv.,’  Monograph  I,  1859.  In  this  plate  are  represented  two  entire  examples, 
parts  of  three  others,  and  several  detached  appendages  belonging  to  Pt.  bilobus,  var.  a 
(figs.  1 — 12).  In  pl.  XV  of  the  same  work  a diagrammatical  restoration  is  given  of 
this  species,  which,  however,  now  needs  to  be  corrected  in  accordance  with  the  present 
more  complete  knowledge  of  its  structure.  Another  segment  should  be  added  to  the 
thoracic  series,  and  between  the  chelate  antennae  and  the  great  ectognaths  or  maxillipeds, 
there  should  be  three  pairs  of  endognaths  with  simple  palpi. 

The  true  position  of  the  thoracic  plate  or  operculum  has  also  since  been  satisfactorily 
made  out.^  (See  Part  I of  this  Monograph,  Pl.  VIII,  fig.  1,  &c.) 

In  pl.  i,  figs.'s  and  8 a {op.  cit.),  a very  perfect  swimming-foot  of  one  of  the  ectognaths 
is  represented  having  a long  stylet  {t)  attached  to  the  lower  and  inner  border  of  the 
4th  joint  {meros).  This  is  evidently  the  palpus  of  one  of  the  endognaths  detached  from 
its  place  and  lying  upon  the  surface  of  the  swimming-foot  of  the  ectognath,  a very  likely 
thing  to  happen  when  the  appendages  become  detached  from  the  head. 

The  other  remains  figured  in  this  plate  (except  fig.  17,  Eurypterus  lanceolatus) 
belong  to  Pterygotus  bilobus  (var.  y,  perornatus),  to  be  presently  described. 


Var.  2. — Pterygotus  bilobus,  var.  j3,  crassus.  Pl.  XI,  fig.  1. 

The  specimen  upon  Avhich  this  variety  is  founded  is  distinguished  from  var.  a by 
the  greater  transverse  breadth  of  the  body-segments  in  proportion  to  their  length,  whilst 
the  penultimate  segment  (19)  and  the  telson  (20)  are  as  long  and  as  well  developed  as  in 
the  preceding  variety  of  this  species. 

Nor  does  it  appear  that  any  of  the  segments  save  the  last  thoracic  (14)  and  the  first 
abdominal  (15)  have  been  abnormally  overlapped  one  above  another  by  longitudinal 
compression  after  death. 

’ These  same  corrections  may  be  made  in  the  first  figure  ever  given  by  Mr.  Salter,  in  Nov.  1S55, 
‘ Quart.  Journ.  Geol.  Soc.,’  1856,  vol.  xii,  p.  28  ; and  in  ‘ Siluria,’  4th  edition,  1867,  p.  162. 
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The  following  are  the  measurements  of  the  body : 


Head,  1 inch  3 lines  long,  and  1 inch  7 lines  broad. 


' Segment 
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^ ^ >> 

>> 
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99 

10  „ „ 

Telson 
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11 

99 
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In  the  example  figured  (PI.  XI,  fig.  I)  the  ectognaths  or  swimming-feet  (ec),  are  both 
m situ,  and  the  impressions  of  their  great  serrated  basal  joints  (s)  can  be  seen  through 
the  overlying  head-shield.  The  thoracic  plate,  or  operculum,  with  its  pointed  median 
lobe,  can  likewise  be  seen  impressed  through  the  anterior  thoracic  somites.  One  of  the 
endognaths  (e)  and  one  of  the  chelate  antennae  (a)  are  also  seen  detached  from  the  head 
and  lying  on  the  left  side  of  the  body.  The  large  compound  eyes  (o,  o)  can  also  be  seen 
on  the  anterior  border  of  the  head-shield. 

The  dilated  form  of  this  specimen  appeared  to  me  so  very  extreme  as  compared  with 
the  great  series  of  jPt.  bilobus,  var.  a,  which  I have  had  the  opportunity  to  examine,  both 
in  the  British  Museum  and  the  Museum  of  Practical  Geology,' Jermyn  Street,  that  I have 
thought  it  at  least  entitled  to  a passing  notice.' 


Var.  3. — Pterygotus  bilobus,  var.  y,  perornatus.  PL  XI,  fig.  2,  and  Pis.  XIII — XV. 

Himantopterus  perornatus,  Salter.  Quart.  Journ.  Geol.  Soc.,  1856,  vol.  xii,  p.  31, 

and  p.  28,  fig.  6. 

Pterygotus  perornatus,  Salter.  Mem.  Geol.  Surv.,  Mon.  I,  1859,  p.  45,  pi.  i,  figs. 

13 — 15  j pi.  XV,  fig.  2. 

— — v&r.  plicatissitnus.  Ib.,  pi.  i,  fig.  16. 

In  my  report  to  the  British  Association  for  the  Advancement  of  Science  (read  before 

^ In  the  ‘Quarterly  Journ.  Geol.  Soc.,’  vol.  xxiv,  1868,  p.  295,  I only  spoke  of  three  varieties  of 
bilobus,  viz.  var.  inornatus,  perornatus,  and  crassus  ; it  has  since  been  found  necessary  to  name  a fourth 
variety,  b,  acidens.  (See  also  ‘Report  British  Association,’  Dundee,  1867,  p.  44.) 
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Section  C,  at  Dundee)  in  1867,  and  printed  in  the  volume  for  that  year,  p.  44,  and  also 
in  the  ‘Quarterly  Journal  of  the  Geological  Society’  for  1868,  vol.  xxiv,  p,  294,  I 
pointed  out  the  necessity  of  reconsidering  the  species  of  Pt.  hilobus  and  Pt.  perornatus. 

Previously  to  1865  Pterygotus  hilobus  had  been  found  by  Mr.  Slimon  in  a nearly 
perfect  state,  being  the  first  British  species  figured  entire. 

It  obtained  its  specific  name  from  the  bilobed  character  of  the  telson ; but  at  that 
time  no  complete  example  of  Pterygotus perornatus  had  been  met  with.^ 

Since  then  Pt.  perornatus  has  also  been  obtained  whole,  and  is  likewise  furnished  with 
a bilobed  telson. 

Difference  in  size  cannot  be  relied  upon  as  a means  of  separating  these  two,  nor  can 
the  ornamentation  be  made  use  of  as  a specific  distinction ; the  appendages  are  alike  in 
both. 

The  thoracic  plate  or  operculum  is  valuable,  no  doubt,  as  a means  of  separating  such 
forms,  but,  unfortunately,  it  cannot  often  be  seen. 

I have  therefore  concluded  to  retain  the  name  bilohus  as  the  specific  designation  for 
all  four  forms  described  in  this  part,  treating  them  as  varieties  only,  until  we  can  obtain 
more  positive  evidence  of  their  specific  distinctness  than  we  at  present  possess. 

That  event  arising,  the  specific  name  bilobus  should  be  abolished,  and  the  varietal 
appellations  retained  as  of  specific  value.  I do  not,  however,  apprehend  that  such  a 
necessity  is  likely  to  occur,  the  present  tendency  among  naturalists  being  rather  to 
diminish  than  to  increase  the  number  of  species. 

This  is  the  largest  form  of  Pterygotus  found  at  Lesmahago,  the  almost  entire 
example — figured  in  PI.  XIII,  of  one  half  of  the  natural  size — being  not  less  than 
11^  to  12  inches  in  length  and  3^  inches  in  greatest  breadth. 

Figs.  1 and  2 in  PI.  XV  were  parts  of  two  individuals  equally  large,  whilst  the 
detached  head  and  swimming-feet  figured  of  the  natural  size  on  PI.  XIV  would  repre- 
sent an  animal  18  inches  in  length  by  5 inches  in  breadth.  If  the  detached  chela  (PI. 
XI,  fig.  3)  belonged  to  this  species,  we  have  evidence  of  a form  not  less  than  2 feet  in 
length  and  probably  longer. 

Making  a careful  measurement  of  the  body  of  Pt.  perornatus  figured  in  PI.  XIII,  and 
aided  by  figs.  I and  2 of  PI.  XV,  we  get  the  following  proportions  for  an  individual 
about  12  inches  in  length : 

^ The  head  and  first  six  thoracic  segments  of  a specimen  as  large  as  that  figured  on  our  PI.  XV  are 
drawn  by  Mr  Bone  in  pi.  i of  the  ‘ Geological  Survey  Memoirs,  Monograph  I.’ 
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Head  (1 — 7)  = 2 inches  long  by  3 inches  broad. 
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The  head  is  nearly 

one  third  broader  than  long,  semicircular  in 

front,  the  large  com 

pound  eyes  forming  prominent  projections  on  the  latero-anterior  border  about  10  lines  in 
length.  The  facetted  cornese  of  the  eyes  in  PI.  XIII,  and  of  the  detached  head 
figured  on  PI.  XIV,  1 1 c,  can  be  distinctly  seen  with  a good  pocket-glass. 

The  larval  eye-spots,  or  ocelli,  are  also  clearly  seen  in  the  centre  of  the  carapace  of 
all  the  specimens  figured. 

The  surface  of  the  carapace  is  destitute  of  squamate  markings  or  any  other  kind  of 
ornamentation  whatsoever ; but  the  surfaces  of  the  coxal  joints  of  the  ectognath  (PI. 
XIV,  fig.  1 c)  and  the  cordiform  metastoma,  or  post-oral  plate,  are  both  highly  orna- 
mented with  squamate  markings  (PI.  XV,  fig.  3). 

The  chelate  antennce  belonging  to  the  specimen  figured  in  PI.  XIII  are  4|  inches 
in  length,  and  the  chelae  are  5 lines  broad.  The  length  of  the  movable  ramus  of  the 
chela  is  1 inch ; the  inner  border  of  both  rami  are  closely  planted  with  large  and  small 
sharply  pointed  teeth.  They  closely  resemble  in  form  the  antennae  of  var.  a already 
noticed. 

The  endognaths  agree  in  form  with  the  previously  described  organs  of  var.  a.  The 
woodcut  figure  of  a detached  endognath  given  at  page  59  (fig.  11)  probably  belongs 
to  this  variety,  with  which  its  size  well  agrees. 

The  metastoma  or  post-oral  plate  (PI.  XIII,  figs.  1 a,  m,  and  1 c;  PI.  XIV,  fig.  2 
and  PI.  XV,  fig.  3)  is  oblong  oval,  deeply  bilobed  in  front,  and  slightly  truncated  along 
its  posterior  border.  It  is  closely  covered,  especially  upon  its  anterior  and  bilobed  portion, 
with  minute  squamate  markings.  The  detached  lip-plate  (fig.  3,  PI.  XV)  is  2 inches 
4 lines  long  and  I5  inch  in  breadth  near  the  centre,  representing  an  individual  not  less 
than  18  inches  long. 

Although  the  thoracic  plate  or  operculum  is  discernible  in  the  specimen  figured  in 

1 This  lip-plate  belongs  to  the  specimen  figured  in  PI.  XIII,  which  was  thus  figured  twice  by 
mistake. 
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PI.  XIII,  where  the  anterior  thoracic  segments  are  displaced,  yet  its  exact  contour 
cannot  very  well  be  represented. 

The  anterior  body-segments  are  much  arched  forward  in  the  centre ; the  lateral  area  is 
recurved  as  in  the  other  species  ; and  the  anterior  border  appears  to  have  projected  under  and 
formed  an  articulation  with  the  preceding  segment  (see  PI.  XV,  fig.  1,  segments  9 and  10). 

The  sculpture  of  the  body-rings  (PI.  XIII,  fig.  1 g)  extends  over  less  than  half  their 
surface. 

The  plicae  are  open  forwards,  very  small,  often  almost  linear  on  the  front  margin, 
and  the  remainder  are  less  than  semicircles.  The  anterior  border  of  the  segments  is 
rounded  off  and  smooth.  A transverse  faintly  impressed  line  separates  the  anterior 
sculptured  half  from  the  posterior  smooth  portion ; but  this  is  not  always  seen.  The 
lateral  borders  of  the  segments  are  not  crenated. 

The  telson  (PI.  XV,  fig.  2,  20),  is  bilobed  in  form  like  the  preceding  varieties  a and  j3  ; 
and  the  penultimate  segment  has  its  anterior  border  contracted,  its  sides  curved,  and  its 
posterior  angles  produced  in  a similar  manner. 

On  the  Branchia  in  Pterygotus. — The  determination  by  Dr.  James  Hall,  in  America, 
of  the  true  position  of  the  thoracic  plate  or  operculum  in  Eurypterus}  having  since  been 
fully  confirmed  with  regard  to  the  British  species  of  Pterygotus^  Slimoniaf  and  Eury- 
pterus^  and  also  its  homology  with  the  operculum  in  Liinulus  (PI.  IX,  fig.  1,  1 a) — 
beneath  which  are  placed  the  respiratory  organs — it  was  reasonable  to  expect  to  find 
evidence  of  branchiae  in  Pterygotus  also,  considering  the  wonderful  state  of  perfection 
in  which  many  of  the  remains  of  this  genus  have  been  preserved. 

But  it  was  not  until  1867  that  I obtained  satisfactory  evidence  of  their  existence. 
I first  drew  attention  to  them  in  my  ‘ Third  Report  to  the  British  Association  on  the 
Structure  and  Classification  of  the  Fossil  Crustacea,’  at  Dundee,  in  September  of  that 
year,  and  I have  since  published  figures  of  some  detached  leaflets  in  a paper  read  before 
the  Geological  Society  in  March  last.® 

I first  detected  them  associated  with  the  specimen  figured  in  PI.  XII,  figs.  1 a {hr) 
and  1 d-,  next  in  that  in  PI.  XIII,  figs.  1 a and  1 h.  When  at  Dundee  (in  1867), 
I obtained  from  Mr.  Slimon  a portion  of  shale  having  several  detached  leaf-like  organs 
preserved  upon  it,®  corresponding  in  form  and  surface-markings  with  those  referred  to 
above,  and  which  occur  with  specimens  of  entire  Pterygoti  and  lying  in  such  a position 
upon  the  slabs  as  to  leave  little  doubt  that  their  normal  place  of  attachment  would  be 
under  the  thoracic  plate  or  operculum,  as  in  the  recent  Limulus. 

1 Hall,  1859,  ‘ Geol.  Surv.  New  York,’  “Palaeontology,”  vol.  iii,  pp.  392 — 413. 

2 H.  Woodward,  1867,  ‘Quart.  Journ.  Geol.  Soc.,’  vol.  xxiii,  pp.  28—37,  pis.  1 and  2. 

2 Ditto,  ‘ Intellectual  Observer,’  1863,  vol.  iv,  pp.  229 — 237. 

^ Ditto,  ‘Geol.  Mag.,’  1864,  vol.  i,  pp.  107 — 111,  pi.  v,  fig.  8. 

® ‘ Quart.  Journ.  Geol.  Soc.,’  1868,  vol.  xxiv,  p.  294,  pi.  x,  figs.  3 u!,  3 h. 

® The  same  which  are  figured  in  the  ‘ Quart.  Journ.’  above  referred  to. 
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But  there  is  yet  another  specimen,  which  seems  to  complete  the  evidence  of  the 
position  of  these  branchial  plates  in  Fterygotus, 

I allude  to  a specimen  described  in  the  ‘ Memoirs  of  the  Geol.  Survey,’  Monograph  I, 
p.  49,  under  the  name  of  Pt.  perornatus,  var.  plicatissimus.  One  of  the  body-rings  is 
there  figured,  loc.  cit. ; and  the  anterior  portion  of  the  specimen  is  represented  in  pi.  i, 
fig.  16,  of  that  work.  We  have  figured  the  whole  of  the  same  specimen  of  the  natural  size 
in  PI.  XI,  fig.  2 a,  and  the  anterior  portion  enlarged  twice  the  natural  size  in  fig.  2 b. 

Mr.  Salter  writes  as  follows  : — “ The  carapace^  is  much  compressed  longitudinally,  but 
the  true  form  would  probably  be  a full  semioval ; the  position  of  the  eyes  is  obscurely 
marked.  The  surface  is  covered  with  semicircular  plicae,^  the  curves  of  which  open  back- 
wards (contrary  to  the  usual  position  over  the  rest  of  the  body).  In  front  is  seen  the 
impression  of  the  large  ovate  median  lobe  of  the  epistoma,^  shaped  as  usual,  and  behind 
are  two  radiated  muscular  impressions^  placed  low  down  on  the  carapace  and  towards 
the  median  line,  which  impressions  are  probably  the  attachments  of  the  great  swim- 
ming-feet.” 

In  another  place  (p.  45)  in  the  same  description  he  observes  : — “ The  head  (carapace) 
was  formerly  described  by  me  as  smooth,  but  in  better  specimens  it  is  closely  and  fully 
sculptured,  the  plicae  convex  forwards!'  It  is  evident  that  Mr.  Salter  here  refers  to  this 
same  specimen  (PI.  XI,  fig.  2) ; for  although  I have  carefully  examined  all  the  heads  of 
PteryyofMs perornatus  within  my  reach,  I have  been  unable  to  detect  any  sculpture  on  the 
head-shield,  nor,  indeed,  does  it  exist  upon  the  carapace  of  this  or  of  any  other  species  of 
this  genus.  The  fact,  then,  of  the  portion  here  referred  to  (fig.  2 h)  being  sculptured 
precludes  us  from  considering  it  as  the  head-shield.  With  regard  to  the  direction  of  the 
squamate  markings  having  their  “plicae  convex  forwards  f and  the  curves  open  backwards, 
as  this  would  be  obviously  contrary  to  every  other  known  specimen  of  Pterygotus 
showing  sculpture,  we  are  at  once  enabled  to  perceive  that  this  portion  belonged  to  the 
under  side  of  the  body  of  fig.  2 a,  and  has  been  squeezed  forwards  as  well  as  much  com- 
pressed. This  explains  the  difficulty  of  the  reversed  direction  of  the  squamae. 

Mr.  Salter  has  called  the  central  appendage  (figs.  2 a and  2 h {c,  c) ) “ the  large 
ovate  median  lobe  of  the  epistoma,  shaped  as  usual.”  This  most  satisfactorily  settles  the 
question  of  the  nature  of  this  anterior  displaced  organ  of  figs.  2 a,  2 b.  The  plate  at  that 
time  (1859)  described  as  the  epistoma,  or  conjoined  epistoma  and  labrum,  is  now  known 
as  the  thoracic  plate  or  operculum ; c is  its  central  appendage,  and  op,  op  are  the  two 
broad  lateral  wings,  closely  covered  with  squamae. 

But  that  which  is  of  the  greatest  interest  to  us  in  this  specimen  (as  bearing  upon  the 
question  of  the  position  of  the  branchiae),  is  that  between  the  curved  and  squeezed-up 

^ The  portion  so  called  is  seen  in  our  enlarged  figure,  PI.  XI,  fig.  2 b, 

2 See  the  lateral  portions  of  fig.  2 h. 

® PI.  XI,  figs.  2 a and  2 h,  letter  c. 

* Ibid.,  letters  br,  br. 
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operculum  and  the  anterior  border  of  the  foremost  body-segment  there  are  preserved 
undoubted  remains  of  branchial  plates,  figs.  '2  a and  2 h,  hr,  hr,  presenting  the  same 
delicate  leaf-like  vascular  appearance  as  is  seen  in  the  specimens  figured  in  Pis.  XII 
and  XIII. 

These  delicate  membranous  plates  in  Fterygotus  differ  in  form  from  the  corresponding 
organs  in  Limulus ; but  there  is  no  doubt  they  occupied  the  same  relative  position.  In 
Limulus  the  vascular  striae  are  parallel  to  the  circumference  of  the  lamellae ; in  Pterygotus 
they  appear  to  have  branched  and  subdivided  from  the  centre  to  the  margin  of  the  plate, 
becoming  finer  and  more  numerous  towards  the  border. 

As  I shall  have  occasion  to  refer  again  to  the  branchiae  in  the  genus  Slimonia,  I do 
not  propose  to  enter  more  fully  upon  their  description  here,  especially  as  I hope  shortly 
to  have  executed  some  carefully  prepared  figures  of  the  respiratory  organs  of  Limulus 
and  other  recent  lamellibranchiate  Crustacea  for  illustration  and  comparison. 


In  the  details  of  the  ornamentation  and  in  the  form  of  the  body-segments  this 
specimen  (PI.  XI,  fig.  2 a)  agrees  with  that  figured  in  PL  XIII,  fig.  1 a. 


Var.  4. — Pterygotus  bilobus,  var.  S,  acidens.  PI.  XII. 

This  specimen,  to  which  we  have  had  occasion  already  to  refer  when  speaking  of  the 
branchiae  of  Pterygotus,  is  full  of  interest.  It  is  preserved  in  the  Museum  of  Practical 
Geology,  Jermyn  Street. 

We  seethe  head,  with  its  great  compound  eyes  (o,  o),  and  its  lateral  eye-spots  (/  e),  its 
chelate  antenna  (a),  its  great  ectognaths  or  swimming-jaw-feet  {ec),  its  metastoma  or 
post-oral  plate  {m) ; the  thoracic  plate  or  operculum  {op),  with  its  branchiae  [hr)  ; and 
all  the  segments  present  (save  15  and  I6,  which  are  indicated  with  a lighter  shading), 
including  the  broad  bilobed  telson  (20). 

The  general  outline  of  the  body  is  globose,  probably  more  so  in  proportion  to  its  size 
than  any  example  of  var.  perornatus.  The  dimensions  are  as  follows  : — 


PTERYGOTUS  BILOBUS.  GU 
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but  the  bases  of  the  jaw-feet. 

the  thoracic  plate  (see  Woodcut,  fig.  18),  and  the  anterior  third  of  the  body-segments, 
are  closely  covered  with  minute  plicae. 

The  portion  of  magnified  scale-markings  drawn  by  Mr.  Hollick  in  PI.  XII,  fig. 
1 c,  are  from  the  body-segment  (lo) ; the  squamae  are  so  close  together  that  they  actually 
present  the  appearance  represented,  but  there  is  no  real  overlapping  of  scales,  only  a 
mimetic  resemblance  to  it.  Along  the  anterior  border  the  scale-markings  are  very  fine, 
closely  packed,  and  but  little  arched  ; lower  down  they  become  more  acute  and  consider- 
ably larger ; whilst  on  the  lateral  borders  they  are  extremely  minute  and  packed  very  close 
together.  The  edges  of  all  the  segments  are  very  minutely  serrated,  as  in  the  larger 
Devonian  species.  The  thoracic  plate,  which  is  very  w^ell  preserved,  is  about  2 inches 
in  breadth  by  about  10  lines  in  length. 


a a 


Fig.  13.  Thoracic  plate  or  operculum  of  Pt.  bilobus,  var. 
a,  a.  Line  of  attachment  to  posterior  border  of  head-shield.  f,f.  Free  border,  c.  Central  appendage. 


^ The  representation  of  the  operculum  in  PL  XII,  fig.  1 e,  is  not  quite  correct.  This  Woodcut  conveys 
a better  idea  of  its  form. 
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There  is  little  doubt  but  that  we  have  in  this  species  evidence  of  a second  and  more 
membranous  thoracic  plate  lying  within  the  outer  one,  but  its  border  is  but  ill  defined 
in  our  plate. 

The  branchiae  are  more  distinct  in  this  than  in  any  specimen  I have  seen. 

The  largest  leaflet  is  8 lines  in  length  by  4 lines  in  breadth  ; the  smaller  are  4 lines 
in  length  and  2 lines  wide. 

The  chelate  antennules  in  var.  S (PI.  XII,  fig.  1 d)  are  distinguished  from  the  ordi- 
nary form  of  hilolus  by  the  more  regular  denticulation  of  the  chelae,  and  by  the  larger 
size  of  the  terminal  joint. 

Length  I inch  7 lines,  breadth  4 lines ; length  of  moveable  ramus  of  chelae 
13  lines. 

The  metastoma,  or  post-oral  plate,  does  not  appear  to  be  truncated  posteriorly,  as  in 
var.  perornatus,  and  is  somewhat  more  oval  and  less  elongated  j and  the  emargination  of 
the  anterior  border  is  much  more  slight. 

Length  15  lines,  breadth  10  lines. 

Both  ectognaths  are  preserved  entire,  and  the  serrated  edges  of  their  great  basal  joints 
are  seen  pressing  through  the  head-shield,  just  in  front  of  the  larval  eye-spots.  The 
free  swimming-foot  attached  to  the  coxal  joint  measures  1^  inch  in  length,  and  the 
penultimate  joint  (which  is  the  widest)  is  4^  lines  in  breadth. 

It  exhibits  the  same  small  intercalated  triangular  plate  at  the  point  of  attachment  of 
the  dactylos  with  the  propodos,  and  the  former  has  at  its  distal  extremity  the  same 
minute  terminal  palette,  or  unguis,  common  to  the  other  species  of  Pterygotus. 

This,  together  with  all  the  foregoing  varieties  described  in  this  Part,  are  from  the 
Uppermost  Silurian  of  Lesmahago,  Lanarkshire. 
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PLATE  X. 


UPPER  SILURIAN  CRUSTACEA. 

Order — Merostomata. 
Sah-  Order — E u ii  y p te  r i d a . 


Fig. 

1 — 3.  Pterygotus  bilobus,  Salter,  var.  a,  inornatus. 

1.  Represents  an  almost  entire  example,  having  several  of  its  appendages  pre- 

served. 

a,  a.  The  chelate  antennae,  displaced  (the  stars  indicate  the  proximal  ends). 

0,  0.  The  large  compound  eyes. 

s,  8.  The  serrated  mandibular  borders  of  the  basal  joints  of  the  maxillipeds  or 
ectognaths  (their  general  outline  is  seen  through  the  carapace). 
ec,  ec.  The  ectognaths,  with  their  broad,  oar-like  extremities. 

<?.  One  of  the  small  endognaths,  preserved  entire,  but  lying  on  the  slab 
detached  from  the  head. 

c.  The  narrow  median  lobe  of  the  thoracic  plate  (the  impression  seen 
through  the  overlying  somites). 

2.  An  almost  equally  well-preserved  specimen.  The  antennae  («, «)  are  still  attached  in 

their  normal  position  to  the  anterior  border  of  the  head-shield.  One  of  the 
endognaths  {e)  and  an  ectognath  {ec)  are  still  in  situ;  the  metastoma  or  post- 
oral plate  {m)  is  clearly  seen. 

3.  Exhibits  well  the  large  compound  eyes  {o,  o)  and  the  larval  eye-spots  or  ocelli  {le). 

All  the  appendages  have  been  detached  from  this  specimen,  and  lie  at  a little  dis- 
tance from  it  upon  the  same  slab  (they  are  represented  in  the  Woodcut,  p.  58). 

N.B. — The  small  figures  placed  against  the  body-segments  in  all  these  plates  correspond 
throughout  with  the  small  Roman  numerals  placed  against  the  segments  of  the  restored 
figures  oi  Pt.  anglicus,  given  in  Part  I,  PI.  VIII,  of  this  Monograph. 

From  the  Uppermost  Silurian  formation  of  Lesmahago,  Lanarkshire. 

Drawn,  of  the  natural  size,  from  specimens  in  the  British  Museum. 
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PLA.TE  XI. 


UPPER  SILURIAN  CRUSTACEA. 

Order — Me  rosto  m ata  . 
Sub-  Order — Eurypterida. 


Fig. 

1.  Fterygotus  bilobus,  var.  /3,  crassus. 

0,  0.  The  compound  eyes. 

s.  The  serrated  mandibular  border  of  one  of  the  ectognaths. 
ec,  ec.  The  ectognaths,  preserved  in.  situ, 
e.  One  of  the  endognaths,  displaced. 

a.  A chelate  antenna  ; the  claw  or  pincer  hidden  beneath  the  telson. 

.2  a.  Seven  of  the  anterior  segments  of  Ft.  bilobus  var.  y,  perornatus  (=  var.  plieatissimus, 
Salter). 

op.  The  opercular  plate,  squeezed  forward  and  much  distorted. 
c.  The  central  appendage  of  same. 

hr.  The  branchim  exposed  to  view,  protruding  from  beneath  the  upper 
and  originally  attached  border  of  the  operculum. 

2 b.  The  above  described  portion  of  2 a,  magnified  twice  (the  letters  are  the  same  as  in 
fig.  2 a,  above).  [The  direction  of  the  plicie  upon  the  operculum  indicates  that  the 
loioer  edge  in  our  Plate  was  that  by  which  it  was  originally  attached  to  the  pos- 
terior border  of  the  under  side  of  the  head.  The  head,  and  probably  the  first  two 
body-segments,  are  wanting.] 

3.  Detached  antennae  of  a very  large  Fterygotus  (probably  Ft.  bilobus,  var.  y). 

ch.  The  moveable  chela,  with  its  large  teeth,  resembling  those  of  Ft.  anylicus 
(see  Part  I,  PI.  VII,  figs.  1 — 3). 

The  surface  at  b is  covered  with  the  valves  of  Beyrichia  Klcedeni 
or  yibba  (a  small  bivalved  Entomostracan),  a pair  of  which  are 
enlarged  and  figured  at  b 1. 

Pigs.  \,  2 a,  and  3,  are  drawn  of  the  natural  size;  fig.  2 b magnified  twice;  fig.  b 1 
magnified  six  times. 

From  Uppermost  Silurian  of  Lesmahago,  Lanarkshire. 

Figs.  1 and  3 are  in  the  British  Museum.  Fig.  2 is  in  the  Museum  of  Practical 
Geology,  Jenny n Street. 
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PLATE  XII. 

UPPER  SILURIAN  CRUSTACEA. 

Order — Merostomata. 

Suh-  Order — Eurypterida. 

Pterygotus  bilobus,  var.  S,  acidens. 

Fig. 

1 a.  Represents  an  individual  of  the  natural  size. 
le.  The  larval  eye-spots. 

0,  0.  The  compound  eyes. 
a.  One  of  the  antennae. 
m.  The  metastoma,  or  post-oral  plate. 
ec.  One  of  the  ectognaths. 
op.  The  operculum  {c,  its  central  portion). 
br.  Some  of  the  branchiae. 

The  segments  marked  15  and  16  are  absent  in  the  specimen. 

1 b.  Antenna,  magnified  twice  the  natural  size  ; m,  moveable  ramus  of  chela. 

1 c.  Some  of  the  scale-like  markings  upon  the  surface  of  the  thorax,  greatly 
magnified. 

1 d.  Some  of  the  branchiae,  enlarged  twice  the  natural  size. 

1 e.  Thoracic  plate  restored  (natural  size). 

Prom  the  Uppermost  Silurian  of  Lesmahago,  Lanarkshire. 

Drawn  from  a specimen  in  the  Museum  of  Practical  Geology,  Jermyn  Street. 
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PLATE  XIII. 


UPPER  SILURIAN  CRUSTACEA. 

Order — Merostomata. 

Sub-Order — Eurypterida. 

Pterygotus  bilobus,  var.  y,  perornatus. 

Fig. 

I a.  An  almost  entire  example,  reduced  to  one  half  the  natural  size. 

a,  a.  The  antennae,  detached  and  displaced  (the  points  of  attachment  to  the 
head  are  marked  by  stars). 

0,  0.  The  eyes ; and  {le)  the  larval  eye-spots  or  ocelli. 
e.  An  endognath  and  part  of  another,  displaced. 

ec.  The  ectognaths,  or  swimming- feet ; their  great  basal  joints  (c,  c)  are 
detached,  and  lie  in  front  of  the  head. 
m.  The  metastoma  or  post-oral  plate. 

The  telson  (20)  is  restored. 

1 b.  The  larval  eyes,  magnified  three  times. 

1 c.  One  of  the  large  compound  eyes,  magnified  three  times. 

\ d.  h.  portion  of  same,  magnified  fifteen  times. 

1 e.  The  metastoma,  of  the  natural  size. 

1 /.  The  coxal  joint  of  one  of  the  ectognaths,  natural  size. 

1 g.  Part  of  a thoracic  segment,  magnified  three  times,  to  show  the  scale-like  markings  on 
its  upper  part. 

1 h.  Three  of  the  branchiie,  magnified  three  times,  seen  in  this  specimen  where  a portion 
of  a thoracic  segment  has  been  removed. 

From  the  Uppermost  Silurian  of  Lesmahago,  Lanarkshire. 

Drawn  from  a specimen  in  tlie  Museum  of  Practical  Geology,  Jermyn  Street. 
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PLATE  XIV. 


UPPER  SILURIAN  CRUSTACEA. 

Order — Merostomata  . 
Sub- Order — Eurypterida. 


Fig. 

1.  Pterygotus  bilobus,  var.  -y,  perornatus. 

1 a.  Head,  with  the  great  maxillipeds  or  ectognaths  still  attached,  but  displaced  outwards 
on  either  side. 

The  form  of  the  head-shield,  the  compound  facetted  eyes  (o,  o),  and  the  larval 
eyes  {le)  are  well  seen.  The  joints  of  the  ectognaths  are  lettered  to  cor- 
respond with  the  names  given  to  the  articuli  (see  page  6,  Part  I). 

i h.  Facets  of  eye,  magnified  ten  times. 

1 c.  Facets  of  eye,  magnified  six  times. 

(The  form  is  evidently  altered  by  compression.) 

1 d.  Scale-like  markings  from  the  right  coxal  joint,  magnified  four  times. 

(The  upper  portion  of  the  left  coxal  joint  is  restored.) 

2.  A detached  lip-plate,  showing  the  lower  edge  (near  the  figure  2)  to  be  truncated.  (See 

also  PL  XV,  fig.  3.) 

3.  Two  beautifully  preserved  endognaths,  found  detached  (the  joints  are  lettered  as  in 

fig.  1). 

From  the  Uppermost  Silurian  of  Lesmahago,  Lanarkshire. 

Figs.  1 a,  2,  and  3 are  drawn,  of  the  natural  size,  from'  specimens  preserved  in  the 
Museum  of  Practical  Geology,  Jermyn  Street. 
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PLATE  XV. 


UPPER  SILURIAN  CRUSTACEA. 

Order — Merostomata. 

Sub-  Order — Eurypterid  a. 

Pterygotus  bilobus,  var.  y,  perornatus. 

Fig. 

1.  Head  and  four  anterior  segments  of  body  of  Pt.  bilobus,  var.  y,  showing  the  larval 

eyes  (/e),  the  compound  eyes  {p,  o),  and  the  right  swimming-foot  (ectognath),  still 
attached  in  situ. 

2.  The  greater  part  of  the  body  of  another  specimen,  having  portions  of  the  thoracic  and 

the  entire  series  of  abdominal  somites  preserved. 

3.  A very  beautifully  preserved  detached  lip-plate  of  Pt.  bilobus,  var.  y,  showing  the 

truncated  posterior  border  {a),  by  which  it  was  attached  to  the  head.  The  surface 
is  beautifully  squamate. 

From  the  Uppermost  Silurian  of  Lesmahago,  Lanarkshire. 

Drawn,  of  the  natural  size,  from  specimens  preserved  in  the  British  Museum. 
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